This paper studies the relationship between fund and provider characteristics, and fund performance using a sample of 4,197 U.K personal pension funds operated by 35 providers over a 30 years ' period (1980 -2009). The fund performance is measured on an annual basis (short-term) and over the whole period of fund operation (longterm). We find substantial differences in which factors explain performance in the short-and long-run and whether the performance is measured against T-bills or against fund chosen prospectus benchmarks. Although big providers tend to perform better than their prospectus benchmarks on an annual basis, they underperform T-bills over the period of fund life. The provider's extent of specialisation positively covaries with benchmark outperformance measured on an annual basis, but does not result in superior performance over funds' operational life. In the long-run, fund performance is positively associated with market concentration and negatively with fund age. We also find that the timing of opening funds matters for their long-term returns, and, on average, funds lose more money during bear markets than they make during bull markets. Policy implications are discussed.
Introduction
The factors explaining differences in performance across mutual funds have been researched on for decades. It is well documented that a range of individual funds' characteristics as well as some characteristics of fund families matter for mutual fund performance. Yet very little is known about the potential factors explaining performance of pension funds although the pension industry, whether in the U.S. or around the world, has a comparable, if not bigger, volume of assets under management (AUM) than the mutual fund industry, and its development and performance are potentially more important for economic and social reasons.
Moreover, given the significant differences in the nature of mutual and pension funds' investments it can be expected that conclusions drawn for mutual funds do not hold universally for pension funds. This paper is the first to address the question of whether and, if yes, how the characteristics of pension funds and of their providers covary with fund performance. The British experience is not unique. In spite of the commitment of numerous governments to shift the responsibility of old-age pension provision onto individuals, and in spite of the significant financial and advisory support by the World Bank (the World Bank alone has spent over $18bn on sponsoring the introduction of funded schemes in developing countries since the 1980s; World Bank, 2008) , private pensions do not seem to be as attractive to the wide population as governments and regulators would wish for. In many countries, both developed and developing, the percentage of the population contributing to funded schemes is low (unless the schemes are compulsory, like e.g., in Denmark), and the level of contribution is lower than would be required to provide a comfortable retirement income. Given that funded pensions have become predominantly defined contribution (DC) schemes 3 and the performance of capital markets has been rather unimpressive in the last decade, it is not surprising that contributors, who are the direct bearers of risk, do not seem to rush towards opening funded pension accounts, especially since unlike mutual funds' investments, the pension funds' investments are much harder to opt out from.
Policies designed to increase participation in personal pension schemes concentrate on making personal pension contributions quasi-compulsory (i.e., individuals have to opt out of them rather than enrol for them e.g., NEST in the U.K., KiwiSaver in New Zealand, TFR in Italy) and/or making them attractive through preferable tax treatment (e.g. the contributions to these schemes as well as the capital gains on private pension investments are subject to tax reliefs). Yet, it seems that little is known about the differences in the performance of individual pension providers, and in particular, the characteristics which may be associated with performance.
Understanding the factors associated with fund performance is important for political, regulatory and social reasons. It is common to criticise ordinary people for being lethargic and reluctant to take responsibility for their financial future, yet, very little research is done to provide evidence which would support the individuals' decision making process and help develop a regulatory framework which would stimulate
participation.
An overflow of opportunities can be sometimes more discouraging than a limited amount of them, and this might be the case of the personal pension industry in the U.K. In a 10 year period alone, i.e., [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] 9 ,404 new personal pension funds have been created. This means that on average over 900 new funds per year have been offered to potential contributors. 4 Do these funds differ in their investment profile and investment strategies? How to distinguish amongst this flood of saving opportunities which providers and/or funds have been delivering good returns? Do funds who report good performance in annual reports perform well over long horizons?
Previous research on the performance of mutual funds sheds some light on those factors that may be expected to be associated with fund performance, e.g., family size, concentration, and specialisation (e.g., Massa, 2003; Chen et al., 2004; Ferreira et al., 2013) . However, it is not obvious that features of providers and funds associated with the good mutual fund performance also characterise pension funds. This is because the pension fund and the mutual fund industries are very different both in their structures and objectives. 5 For instance, the pension fund industry, unlike the mutual fund industry, consists of a relatively small number of big providers, and is expected to focus on long-term investments. Moreover, the mutual fund characteristics associated with good performance are found in research predominantly based on funds investing in domestic equity. Only a small fraction of pension funds invest exclusively in domestic equity, which casts an additional shadow over the direct transferability of the mutual fund industry characteristics to the pension fund industry.
While some factors with well documented statistical explanatory power in the case of mutual funds may become insignificant in the sample of pension funds, other factors may gain significance. For instance we conjecture that fund age may be important in the case of pension funds although it seems not to matter for mutual funds (Chen et al., 2004; Ferreira et al., 2012) . In particular, using the career concern argument of Fama (1980) and Holmström (1999) , we argue that younger funds may have more incentives to deliver higher returns than older funds. This may be additionally induced by a potential inability of contributors to monitor performance over long periods of time.
To our knowledge no research on the link between fund and fund family characteristics, and fund performance has been undertaken for pension funds. 6 This research fills this gap in the literature by analysing a sample of 4,197 personal pension funds operated by 35 providers in the U.K. over a 30 year period (1980 -2009) .
Given that the U.K. personal pension fund industry is one of the oldest and biggest personal pension industries in the world, it offers an excellent sample to study the relationship between fund and provider characteristics, and performance.
This research is also the first to study whether there is a link between fund and provider characteristics for a broad range of asset classes. The existing research on mutual funds is predominantly restricted to equity funds with a focus on domestic equity. Such a restriction allows the use of asset pricing model based valuations to account for risk-return characteristics. However, given that the personal pension funds specialising in U.K. equities constitute less that 20% of all personal pension funds, 7 and that it is common for pension policy holders to combine investments across different asset classes (e.g., NEST's default option is a combination of fixed income investments with a broader class of money market instruments and domestic as well as international equity), expanding beyond an analysis of U.K. equity funds is of paramount importance. This, however, brings to afore an old debate on what benchmarks are most relevant and informative, as using common stock market indexes is not suitable for non-equity portfolios, and, as Petraki and Zalewska (2013) show, even for equity portfolios. Moreover, it is also required to work with other than
Jensen alpha-like measures of performance.
We use T-bills and primary prospectus benchmarks (PPBs) as reference levels of performance when assessing fund performance. The comparison of funds against PPBs which are used to attract potential contributors, report to existing contributors and assess performance of fund managers adds another dimension to the analysis making it richer and more informative. In our analysis we use 218 different PPBs as reported by individual funds.
Another novelty of this study is that it looks at factors that affect long-term and short-term performance of pension funds. 8 In the case of mutual funds, and other investments with easy exit, there is no immediate need to account for long-term returns earned by funds. However, the situation is very different when it comes to pension funds. Here the distinction between short-term and long-term performance can be vital (Petraki and Zalewska, 2013) . 7 The U.K. equity funds constitute 32% of our sample, but in a sample of all funds, i.e., a sample extended to funds for which prospectus benchmark information is not available, they constitute 19.6% in 2009 (see Petraki and Zalewska (2013) for detailed statistics). 8 In this paper long-term performance denotes performance based on compounded returns earned over the period of fund's operation (i.e., geometric returns), while compounded returns earned over calendar years are used to assess short-term performance.
Our results suggest that there is some regularity in what factors matter for good performance, i.e., it is not all random which funds perform well and which do not, but the picture is rather complex. It seems that different fund and provider characteristics matter for long-term and for short-term performance, as well which measures of performance are used. Interestingly, we also find that there are substantial differences in what factors matter in explaining performance measured against T-bills, and against benchmarks chosen by the funds, i.e., the PPBs. We find that providers with a large market share in the fund's investment style earn superior cumulative excess returns. In other words, consistent with Ferreira et al. (2013) we find that higher concentration is associated with better performance. The extent of providers' specialisation in a fund's investment style helps to outperform PPBs on an annual basis only. However, the extent of specialisation does not help to earn superior longterm returns. We also find that the age of funds matters. Our results support the notion that younger funds perform better than older funds when the long-term (i.e., compounded) returns are analysed, although, it appears that it may take some time for young funds operating in a challenging environment (e.g., in emerging markets) to learn about market specifics and their initial performance may be weaker. We also find that pension funds opened during a bull/bear market underperform/outperform over the life of operation, and that funds seem to lose more during bear markets than they earn during bull markets.
These results have important implications for future research, pension contributors and policy design. We find that relying on short-term outperformance of the PPBs as a signal for positive long-term performance may be misleading. Bigger and more specialised providers seem to be better at outperforming the PPBs on an annual basis, but this does not lead to a superior long-term performance. This message should be clearly communicated to contributors and regulators. It strengthens arguments of Petraki and Zalewska (2013) against using the existing PPBs as informative reference points for assessing fund performance. Our finding of a negative relationship between fund performance and its age supports the view that contributors should be given more freedom in switching between funds. If funds feel under pressure of losing contributors, it may provide stimulus for maintaining efforts to maintain delivery of good financial results.
The rest of the paper is structured as follows. Section 2 summarises the literature on mutual funds and, based on this, formulates hypotheses for the personal pension industry. Section 3 describes the dataset, defines variables used in the empirical analysis, and provides basic descriptive statistics for these variables. Section 4 presents and discusses the results of the regression analysis. Section 5 concludes and outlines a few directions for future research.
Literature review and hypotheses
There are substantially more papers documenting mutual fund performance than addressing the factors that affect it. There is only a handful of studies that directly address the issue of which fund characteristics are associated with better performance.
Indeed, it is more common to include mutual funds' characteristics as controls than focus on them.
The findings are quite diverse. For instance, Chevalier and Ellison (1999a) , and Chen et al. (2004) find a negative relationship between fund size and performance while Golec (1996) and Otten and Bams (2002) document a positive relationship.
Some studies also document that the expense ratio is negatively associated with performance (Golec, 1996; Chevalier and Ellison, 1999a; Otten and Bams, 2002; Chen et al., 2004; Prather et al., 2004; Ferreira et al., 2013) . Choosing a fashionable fund name helps to attract new investors but does not necessarily affect performance (Cooper et al., 2005) .
Fund family size, range of products offered and specialisation have been found to play a significant role in explaining performance of mutual funds (Guedj and Papastaikoudi, 2003; Massa, 2003; Chen et al., 2004; Nanda et al., 2004; Khorana and Servaes, 2012; Ferreira et al., 2013) , but again it is not uniformly agreed whether these characteristics have a positive or negative association with performance. For instance, Massa (2003) , Chen et al., (2004) and Khorana and Servaes (2012) argue that fund family size is positively related to fund performance due to the economies of scale and the greater resources that are available to larger families. However, Massa (2003) argues that size may become a negative factor if it, and not performance per se, is used to attract investors and/or impacts negatively on competitiveness. He also argues that lack of specialisation in a particular investment style may have a negative impact on performance, although a wide range of products may attract more investors. Nanda et al. (2004) also show the positive effect of product differentiation but only in relation to how this increases the chance of creating a star fund. 9 Finally, Ferreira et al. (2013) show that the market concentration, measured by the Herfindahl-Hirschman index, significantly positively covaries with performance at a country level.
Practically no research has been undertaken on the link between pension fund performance and fund/fund family characteristics. If fund and fund family characteristics enter regression specifications they are treated as controls rather than variables of interest (e.g., Petraki and Zalewska, 2013) . In the case of pension funds, studying the relationship between fund and fund family characteristics, and performance may be additionally complicated by the fact that measuring pension fund performance seems more complicated than it is in the case of mutual funds. Petraki and Zalewska (2013) show that different patterns of pension fund performance can be observed depending on whether the performance is based on returns compounded over the fund's operational life (i.e., long-term) or annual (i.e., short-term) returns.
Moreover, there are substantial differences across asset classes. Therefore, to account for these differences the relationship between the characteristics and performance should be studied for both long-term and short-term performance. It is both interesting and important to document whether the same fund and provider characteristics are associated with funds' abilities to both outperform their benchmarks on an annual basis and deliver good long-term returns in excess of Tbills. If good 'sprinters' have different characteristics than 'marathoners', than it may have strong policy implications.
At a provider level two characteristics are commonly found to be important in explaining mutual fund performance: size and specialisation. The size effect is explained by economies of scale and greater access to resources, which in the case of mutual funds may be important given the significant differences in size among mutual fund families. However, pension providers are quite big to start with, so although both economies of scale and greater access to resources may matter, their effect may be muted. Therefore, we expect that the statistical significance of the size variables will be low both for the short-term and long-term performance.
9 One of the more recent branches of fund performance literature investigates spillover effects of a star fund within a fund family. Guedj and Papaskaikoudi, (2003) and Nanda et al. (2004) find that large families are more likely to have a star fund (they have more resources to allocate around in a way that ensures the creation of a star), and that having a star generates positive spillover effects within the family.
On the other hand, the effect of specialisation may be quite well pronounced for pension funds given the complexity of pension funds' investments. In particular, if funds are focused on outperforming their PPBs, the extent of provider's specialisation in a given form of investment may be beneficial. This may be particularly visible in the short-run given that outperformance of PPBs seems to be attained by applying some 'investment tricks', like for example investing outside PPBs, rather than superior investment skills (Petraki and Zalewska, 2013) . These 'investment tricks' may be less useful in retaining good performance in the long-run, hence it may be expected that specialisation will have lower explanatory power when fund performance is measured in the long-run.
A positive effect of concentration on mutual fund performance has been documented by Ferreira et al. (2013) although, as they argue, it might be more logical to expect that more competition increases pressure on funds to perform well. Given that the same argument could apply to the pension industry, it is interesting to test whether the relationship between concentration and performance is negative, as intuition would suggest, or positive, as the findings for the mutual fund industry indicate.
Motivation to deliver better results may also be related to fund age. Just as reputational concerns matter for individuals (Fama, 1980; Golec 1996; Holmström, 1999; Chevalier and Ellison, 1999a) , they may matter for organisations, especially when there is little information about their past performance. The importance for young funds to perform well is also supported by the findings that investors seem more sensitive to performance news of young funds than to those of old funds (Chevalier and Ellison, 1997; Jylha, 2011) and that the probability of fund survival after a period of poor performance is significantly lower for young funds (Chevalier and Ellison, 1999b; Brown et al., 2001 ). However, Chen et al. (2004) When pension funds open they have to attract new contributors, and given that it is common for pension funds to be run by anonymous managers and not by financial gurus, it is fund (short-term) performance that can have a strong impact on how attractive a given fund is to potential contributors (the career concern argument of Fama (1980) and Holmström (1999) ). Once the reputation of the fund is established, the value of new information decreases and so may do the monitoring pressure, resulting in a decline in the fund performance. If this is true we should observe a negative relationship between the fund's age and its long-term performance. The negative relationship between the long-term performance and age may also result from pension funds focusing on beating their assigned benchmarks in the short-run, e.g., this could happen if short-term investment strategies were not optimal from the long-term perspective. In addition, if pension funds concentrate on delivering good short-term performance, in particular in comparison with their benchmarks, then one could speculate that when short-term returns are analysed the relationship between age and performance might be positive. This could happen if the skill to outperform benchmarks grows with experience, and hence, time (Bauer et al., 2005) . In summary,
we expect that the relationship between performance and age may not be straightforward, but dependent on whether it is measured for the short-or the longterm performance, and whether the performance is measured against the PPBs or more 'objective' measures, like, for example, T-bills.
A career concern argument may also apply to providers entering a new market. If there is no, or limited, past information about the providers' past performance these new providers may be particularly focused on delivering superior results to establish their reputation. However, given that new providers can be expected to be smaller than well-established providers, the economies of scale argument may counteract or dilute this effect. Still, in the current world of high informational flows, it is rather unlikely that providers entering the U.K market will be completely unheard of. Some information about their past performance abroad or in different classes of financial services would be most likely available. Therefore, it is likely that it will be hard to observe clear cut results for providers' age.
Data and Variables
We have Having too many categories is also potentially troublesome and diverts attention from the main picture. Therefore, to make the sample numerically tractable we focus our attention on those ABI sectors that can be grouped into the following five investment styles: allocation (ALC), fixed income (FI), emerging market equity (EM-E), international equity (I-E), and UK equity (UK-E). 10 Funds are classified as ALC if they invest in a mix of asset classes (e.g., 60% in equity of any category and 40% in FI). It should be mentioned at this point, that the ABI sector classification is based on the, so-called, primary investment focus, i.e., a fund belongs to a given ABI sector if at least 80% of its assets belong to the given ABI sector meaning that up to 20% of its assets can be invested outside its primary classification style.
In addition, we have also collected from DataStream a monthly time series of U.K. T-bills for the period 1980 -2009. We use the T-bills as a proxy for the risk free return. 
3.1.Performance measures
Previous research on pension fund performance is divided between papers using asset pricing based models as the method of valuation (e.g., Coggin et al., 1993; Brown et al., 1997; Blake et al., 2002) , and using measures based on the Sharpe ratio (e.g., Antolin, 2008 , Hinz et al., 2010 , Petraki and Zalewska, 2013 . The asset pricing based valuations require detailed information about the asset classes included in portfolios to ensure that meaningful benchmarks can be constructed to proxy for the market portfolio. 11 The Sharpe ratio based valuation methods allow for comparison of more complex systems with less detailed information about individual fund asset allocation, but are not free of shortcomings (e.g., Lo, 2002; Antolin, 2008; Hinz et al., 2010) .
Asset pricing models are not suitable for the data at hand. This is because we do not have detailed portfolio allocation information for individual funds, and in addition, funds of any type are allowed to invest outside the primary classification style, providing us with a strong argument against using common indexes as benchmarks (e.g., FTSE All Shares for funds specialising in U.K. equities). Moreover, even the PPBs cannot act as reliable market portfolios. This is because they refer only to the primary investment focus and funds are allowed to invest in assets and asset
classes not included in their PPBs.
Bearing this limitation in mind the fund performance is assessed relative to T-bills and PPBs, with and without risk adjustment. The non-risk adjusted measures are the difference between fund returns and the yield of the U.K. T-bill, (denoted later as RTbill), and the difference between fund returns and the returns on the assigned PPB (denoted later as R-PPB). The corresponding risk adjusted measures are the Sharpe ratio (denoted later as SR) and the M 2 introduced by Modigliani and Modigliani (1997) . Each of these four measures is calculated for annualised returns compounded first, over a fund's operational life (geometric mean) resulting in a cross section, and then for each calendar year, which results in a panel structure of the data. Crosssection regressions based on annualised compounded returns will be denoted as ACR, and panel regressions based on annual returns will be denoted as AR.
11 Issues with indexes as discussed by, e.g., Jensen et al., (1972) , Modigliani and Pogue (1974) , Blume and Friend (1975) , Roll (1977) , Roll and Ross (1994) , and Ferson et al. (1999) remain valid.
The summary statistics for the performance measures are provided in Table 1 .
First, the statistics for the total sample (ALL) are provided. Then, the sample is divided into the five individual investment style groups.
************** Table 1 here ************
The comparison of the ACR based performance measures (Panel ACR) with the AR based performance measures (Panel AR) shows that funds of all five investment styles perform on average worse in the long-run than in the short-run. This and the fact that the averages of the AR-based performance measure have much higher standard deviations than those of the ACR-based performance measure, may be, at least partly, attributed to the properties of the arithmetic and of the geometric averages. However, the differences observed among the investment styles may be a bit surprising. For instance, the UK-E funds earn on average only 0.39% above T-bills but 2.07% over their PPBs (the FTSE All Shares index is the PPB for the majority of these funds). Petraki and Zalewska (2013) 
Providers' characteristics
The Morningstar Direct TM database provides information on who is the provider of each fund. Using this information we have constructed the following provider characteristics on a monthly basis: size, share in each ABI investment style, degree of specialisation in each ABI investment style, and age. The summary statistics for these variables are shown in Table 2 . As in the case of Table 1 , first the summary statistics averaged across all funds are shown, then for each of the five individual investment groups. The panels with the cross-section averages and with panel data averages are denoted ACR and AR correspondingly to make them directly comparable with those presented in Table 1 . ****************** Table 2 here ******************** Given that no information about AUM is available, we calculate the provider's size, denoted later as Size, as the number (in 100's) of funds the provider operates (across all the ABI investment styles) at the end of the previous calendar year for panel data AR regressions and as the average of the month-end statistics over the period of the fund's operation for the ACR regressions. 12 Table 2 shows that Size varies significantly across providers. Providers who just entered the market had zero funds under management at the end of the previous calendar year, while the biggest provider operated nearly 1,200 funds.
Using the number of funds rather than the AUM has also this benefit that it relaxes an issue of endogeneity. AUM may be directly affected by performance, i.e., good performance may lead to more cash inflows from investors, however, this may not be the case when the number of funds under operation is considered. This is because, if there are well performing funds, it is quite likely that any additional contributions will be paid to the existing schemes, rather than to competing schemes, even within the same provider. Therefore, the creation of new funds may be perceived more as a desire to expand business in a particular direction rather than the result of the superior performance of the existing schemes. However, to make sure that the impact of performance and size are not confused, in the panel data analysis we use the previous year-end statistics of Size. These can also be interpreted as the size at the beginning of each calendar year.
For every provider we also calculate their share in each individual ABI sector, Share-in-ABI, as the ratio of the number of funds within this ABI sector operated by the provider to the total number of funds within this ABI sector operating in the market. As with Size, in the AR regressions Share-in-ABI is the end of a previous calendar year statistic, and in the ACR regressions Share-in-ABI is the average of the calendar month-end statistics over the period of the fund's operation. On average, Share-in-ABI is less than 8%, however, it varies between 0% (for providers entering new investment styles) and 100%. 12 We have also calculated the log of the size, but given that the results for the log and the 'linear' size were practically identical, we focus on the 'linear' size. The provider characteristics are calculated on a sample of 10,086 funds, i.e., a full sample of personal pension funds. In the econometric analysis we use a sub-sample of 4,197 funds for which we had at least six months of observations and for which returns on the PPBs could be calculated. − 1), the body of providers is far from uniform, some operating for half a year and others operating for nearly 42
years.
Given that Prov-age and Size are correlated at 40% at the cross-section level and 51% at the panel level (Appendix 1 shows the pairwise correlations of all independent variables), Belsley et al. (1980) collinearity diagnostics are calculated to assess whether the variables can be used simultaneously is regression specifications. All the diagnostic statistics were safely below the critical values. 14 3.3. Funds' characteristics Individual funds are characterised by their ABI investment style and age. Each investment style is represented by a dummy equal to one if the fund belongs to this investment style and zero otherwise. Therefore, there are five mutually exclusive dummies: ALC, FI, EE, IE and UK-E, which refer to the allocation, fixed income, emerging market equity, international equity, and UK equity respectively. 13 We have calculated provider's age as the average of the month-end observations as well but the results of the regression analysis are the same. 14 Following Belsley et al. (1980) we calculate that (as long as we do not combine ABI-share with CR or HHI -see below for definition of these variables) mean VIF is 1.2, and the condition number is 24.3, while the corresponding commonly accepted values are 10, and 30. In addition, the determinant is 0.6, which is sufficiently away from zero to keep the variables in the same regression specification.
For the panel analysis, the age of a fund, Fund-age, in any calendar year is measured as the natural logarithm of the number of years elapsed from the day of the fund's inception till the 31 st December of that year, plus one. For the cross-section analysis we take the natural logarithm of the fund's age at the end of 2009, plus one. Table 2 shows that the average Fund-age in the sample is just over 4 years, with the youngest funds operating for just half a year and the oldest ones for 30 years.
As discussed in Section 2, we aim to assess the impact of Fund-age on fund performance. It is a mathematical property of the geometric mean that it does not exceed the arithmetic mean. The side effect of this mathematical property is that one can expect to find older funds performing worse than younger funds, only because in the case of older funds the average is taken over a longer period of time. Although the correlation between the geometric mean and the arithmetic mean returns is very high (98%), to sidestep this potential bias we also use the arithmetic mean returns when testing the impact of Fund-age on performance in the long-run. The results obtained for the arithmetic mean returns are treated as a robustness test, and for this reason are not fully reported to save space.
Market conditions
Performance of funds may also be related to market competitiveness (e.g., Khorana and Servaes, 2012; Ferreira et al., 2013) and the general performance of markets (e.g., Klein and Rosenfeld, 1987; Petraki and Zalewska, 2013) . To test for the significance of these factors we define two measures of market competition in each fund's ABI sector: the Concentration Ratio (CR) and the Hirschman-Herfindahl Index (HHI). Additionally, we control for bull and bear markets' conditions. We extend the analysis to all bull and bear periods (not just the financial crisis 2007-2009) to gain a better understanding of the impact of good and dire periods for fund performance.
The CR and the HHI are defined for each ABI sector in each month using the providers' market shares in that sector. The CR is based on the market shares of the three largest providers in each ABI sector. We use the year-end observations of the CR and the HHI for the AR regressions. The ACR regressions use the average of the month-end observations. The HHI observations are divided by 100 for scaling purposes. Table 2 shows substantial differences across the styles' level of competitiveness, CR varies between 20% and 100%, and HHI varies between 4% and 100%.
It is important to note that the pairwise correlations between CR and HHI are 91%
and 84% for the ACR and the AR data respectively. In addition, both measures of market concentration are highly correlated with Share-in-ABI (67%, 72%, for the ACR data, and 72%, 77% for the AR data). Therefore, to avoid multicollinearity these three variables are used alternately in the regression analysis.
There are many methods to identify bear and bull periods (e.g., Fabozzi and Francis, 1977; Klein and Rosenfeld, 1987; Maheu and McCurdy, 2000; Chordia et al., 2001; Capocci et al., 2005; Gonzalez et al., 2005; Chen, 2009; Hibbert and Lawrence, 2010) . Although the individual methodologies may differ in details, they are all focused around a common characteristic: bear markets are associated with negative returns and above average volatility, whereas bull markets are associated with positive returns and below average volatility. We also adopt these characteristics and given that in our sample funds invest in a wide range of markets, the bull and the bear periods are defined by the return-risk characteristics of the individual funds' PPBs.
More precisely, the Bear-market dummy is equal to one in a given calendar year if the In the cross-section regressions it is impossible to use time dummies, so we construct two additional dummies, Bear-born and Bull-born, which control for the market conditions at the time when a fund started to operate. More precisely, the Bullborn dummy is equal to one if a fund opened during a bull market, i.e., its Bull-market dummy is equal to one at the year of fund opening, and zero otherwise. Similarly, Bear-born is equal to one if a fund opened during a bear market, i.e., its Bear-market dummy is equal to one at the year of fund opening.
Regression Analysis

Determinants of Performance Based on ACRs
We start the analysis from assessing the explanatory power of the providers' and funds' characteristics, as defined in Section 3. Table 3 and HHI (Panel C), which we constructed to control for market concentration. As discussed in Section 3.4 the three measures of market concentration (Share-in-ABI, CR, and HHI) are used alternately due to their high pairwise correlations. All the regressions are clustered by the provider to control for heteroscedasticity. ************** Table 3 here ************ Table 3 shows that the regressions explaining the PPB-related performance have low explanatory power, and only one coefficient is statistically significant (the ALC Dummy). The model works much better in explaining the excess returns and Sharpe ratios. The R 2 increases to a respectable level (11%) and several estimates of the 15 FI is chosen as the default category because investments in fixed income securities are considered to be a lower-risk/lower-return option. Moreover, according to the new regulation of NEST contributors are not encouraged to invest in portfolios consisting of fixed income securities only, but the proportion of pension investments allocated to fixed income securities increases with contributor's age.
coefficients are statistically significant. Share-in-ABI is highly statistically significant and an increase of 10% in ABI market share (8% is the mean) results in the average additional 2.3% return over the T-bill rate and 0.38 higher SR. The inclusion of CR and HHI give very similar results, i.e., the more concentrated the ABI sector is, the better the performance of funds of this sector. Regardless of whether Share-in-ABI, CR or HHI are used the coefficients estimated for the other variables are very similar, and the explanatory power of the models remains practically unchanged, therefore in the further part of the analysis we show results for Share-in ABI only as it is directly linked to the individual providers.
Fund-age is another variable with statistically significant coefficients (all at 1%).
The negative sign of the coefficients suggests that performance declines with age.
Using the estimated coefficients for R-Tbill we can calculate that the difference between one year old and five years' old funds is approximately 6.6%, and between five years' old and ten years' old funds is 3.6%. The corresponding differences for the Sharpe ratio would be about 1.4 and 0.8. The declining rate of change is a consequence of the log-transformation of age.
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Interestingly provider's size, specialisation in a given ABI style, ABI-share, and
Prov-age do not have statistical power in explaining performance. 17 The coefficients estimated for the investment style dummies show that the excess returns of the EM-E and of the E-I are statistically higher than those of the FI funds (default category), and the UK-E funds have statistically significantly lower SR than the FI funds.
These results are consistent with several of our hypotheses, and, in particular, the high significance of the coefficients estimated for Fund-age supports the argument of career concern. However, it might be premature to conclude that fund performance declines with age because the effect we observe might be driven by other factors that covary with age. For instance, if in more recent times funds of a particular investment style have been created and it happens that this style performs better than other investment styles, then the superior performance of this style might drive the result.
To control for this possibility we add investment style dummies interacted with Fundage to the regression specification.
Another possibility might be that the opening of funds coincides with particular market conditions, i.e., one could expect that providers try to time the opening of new funds, and, in particular, try to open funds when the markets are doing well and the general attitude towards investing is positive. To formally test whether the market conditions impact on fund performance we add the Bull-born and Bear-born dummies to the regression specifications. Table 4 shows the results of specification (1) enriched by interactions between
Fund-age and the investment style dummies, and two dummies which control for whether a fund was opened during a bull (Bull-born) or a bear (Bear-born) market.
Overall, the results are similar to those presented in Table 3 (e.g., Share-in-ABI and Fund-age matter), but there are also a few interesting changes.
************** Table 4 here ************ First, the inclusion of Bull-born and Bear-born dummies, as well as the interactive effects doubles the R 2 of the regressions that use PPB related performance measures and results in statistical significance of several estimates of the coefficients.
The coefficient estimated for Fund-age is significant at 5% and positive in the regressions with R-PPB as the dependent variable. This suggests that older funds are better than younger funds in outperforming their PPBs in nominal terms. The M 2 regressions, on the other hand, show that this outperformance does not persist once risk is accounted for. However, the coefficients estimated for the interactive terms of ALC, and EM-E are 10% significant and negative suggesting that there is some weak evidence that the allocation funds and those specialising in emerging markets equity perform better when they are young.
In the R-Tbill regressions the interaction of Fund-age is only significant for I-E (10% and 5%) and ALC (10%). Interestingly, the positive coefficients are estimated for the interactions of Fund-age with the I-E and the UK-E funds when SR is the dependent variable. This indicates that the risk-adjusted returns of these styles decline slower with fund's age than they do for the FI funds. Based on this evidence we can conclude that it is not the opening of a particular investment style that drives the results, because a negative association of fund age remains true for three investment styles. Finally, one could argue that the negative relationship between Fund-age and performance results from using the geometric averaging. To address this concern we repeat the analysis using the arithmetic average returns to calculate the performance measures. To save space Table 5 shows the regression results for the specifications shown in Table 4 only. These are also the toughest tests, as they control for the alternative explanations of Fund-age and performance relationship. ************** Table 5 here ************ The results, are very similar to those presented in Table 4 . Most importantly, the coefficients estimated for Fund-age continue to be negative and significant at 1% for R-Tbill and SR. The coefficients estimated for M 2 are insignificant as previously, and those of R-PPB are positive and significant at 5%.
Determinants of Performance based on ARs
As discussed in Section 2 it could be expected that long-term and short-term properties of pension funds' investments differ. In this section we break up the performance of the whole period of operation into calendar years to investigate the annual characteristics of the sample. However, before the regression results for the panel data are presented some econometric issues need to be addressed.
The Hausman test (Hausman, 1978) indicates that there are strong unit effects, the Lagrange multiplier test (Baum, 2001 ) detects strong group-wise heteroscedasticity, and the Wooldridge test (Drukker, 2003) indicates strong first-order autocorrelation.
Furthermore, our panel can also have spatial correlation, i.e. correlation between the cross-sections of the panel (Wooldridge, 2002 ), but we cannot formally test for it (as in Hoyos and Sarafidis, 2006) given that the panel is unbalanced and has many crosssections. Nevertheless, since spatial correlation is considered common for panels with more cross-sections than time periods, as it is in our case, we need to control for it as well as heteroscedasticity and autocorrelation. We do this by using the Hoechle (2007) method which calculates Driscoll-Kraay standard errors (Driscoll and Kraay, 1998 ) for balanced and unbalanced panels. Indeed, if we control only for heteroscedasticity and autocorrelation we get much lower standard errors so our standard errors from the Hoechle method are robust to all three 'evils': heteroscedasticity, autocorrelation, and spatial correlation. In addition, we employ fixed effects in order to obtain unbiased coefficients (Wooldridge, 2002) .
We start with a specification similar to (1) but without investment style dummies (because we control for the fund fixed effects and these dummies are time-invariant). Tables 6 and 7 Panel A are equivalent to Tables 3 and 4 respectively. Table 7 Panel B provides an additional robustness test by introducing year dummies.
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************** Table 6 here ************ ************** Table 7 here ************ 18 We do not show the results for the arithmetic returns because on a yearly basis the geometric and the arithmetic mean returns are almost identical and very highly correlated (99.7%). Tables 6 and 7 In contrast with the ACR results the degree of specialisation in the fund's ABI investment style, ABI-share, is consistently significant across all panel specifications for R-PPB and M 2 . In particular, an increase of 10% in specialisation of fund's ABI sector leads to a 1.8% -2.3% increase in R-PBB and a 1.4% -2.2% increase in M 2 per annum. In other words, specialisation helps to beat the PPBs on an annual basis, even though it does not help to outperform them or earn positive excess returns on a long-term compounded basis.
The coefficient estimated for Prov-age is significant and negative in several regression specifications for M 2 (Table 6 and Table 7 Panel A and B). To test the robustness of this finding, i.e., whether this result is true or spurious due to unobserved factors that change with time, we add year fixed effects. We do this by including dummies for each of the years 1990-2009 and leaving out the 1980s period as a reference point. 19 The results (Table 7 Panel C) confirm our suspicion. The significance of the coefficients estimated for Prov-age disappears.
In contrast with the ACR results, the coefficients estimated for Fund-age became insignificant when year fixed effects are controlled for in addition to the interactions between Fund-age and investment style dummies (Table 7 Panel C). Moreover, Table   7 suggests that the positive and significant coefficients presented in Table 6 are driven by the EM-E funds, and by the I-E and the ALC funds in the regressions for M 2 . This result, although it contrasts with the ACR results, does not necessarily contradict the 19 We do not put in individual dummies for the years in the 1980s since only 662 observations, i.e. 2.63% of our sample comes from this period and so, having all year dummies from 1981 creates a multicollinearity problem. We have tried controlling for years 1981-2009 (with 1980 being our reference year) but we get rather erratic results for the year dummies although the results for the other variables are very similar to those with the 1990-2009 dummies.
career concern argument. Bauer et al. (2005) show that ethical mutual funds (a relatively new style) have significantly lower initial performance than more 'conventional' funds, and that the difference in performance gradually diminishes.
They argue that ethical funds have a "catching-up phase, possibly due to learning".
This may also apply here in the sense that the EM-E funds initially underperform because they have more to learn than other funds investing on more 'conventional' markets, and/or this process of learning is longer. However, the fact that they eventually do catch up (no underperformance in a longer run) may indicate that there was an increased effort at the beginning. The positive coefficient estimated for the interaction of Fund-age with the ALC funds and with the I-E funds may also be consistent with the hypothesis of learning given that allocation calls for understanding of many different asset classes, and international equity requires an acquisition of regional knowledge.
Finally, the coefficients estimated for the Bear-market and the Bull-market dummies indicate that the funds do not outperform their PPBs when markets are declining or rising. The negative and significant at 1% coefficient estimated for the Bull-market dummy in the regression for R-PPB implies that funds perform worse than their PPBs during 'good times'. However, their excess returns and Sharpe ratios are higher during the bull times and lower during the bear times. The coefficients estimated for Bear-market are about twice as big (in absolute terms) as the coefficients estimated for Bull-market, which may be an indication of poor timing skills documented in previous research (e.g. Henriksson, 1984; Coggin et al., 1993; Daniel et al., 1997; Cuthbertson et al., 2008) .
Conclusions and Discussion
In a world of increasing reliance on funded pensions to finance retirement there is surprisingly little known about the factors determining performance of pension funds.
This paper is the first one to address the question of whether funds' and their providers' characteristics have explanatory power in explaining pension fund performance. Given that pension funds are allowed to invest up to 20% in assets outside their main investment asset class, performance is not measured within an asset pricing model framework but in relation to T-bills (via excess returns and Sharpe ratios) as well as in comparison to prospectus assigned benchmarks (PPBs), i.e., benchmarks used to advertise funds to potential clients and to report results to the existing contributors. Using PPBs allows the distinction between objective measures, such as excess returns and Sharpe ratios, and more subjective ones, i.e., in relation to a benchmark chosen by a fund. We assess the performance -fund/provider characteristics relationship using annual returns and returns compounded over the period of a fund's operation to address the question of whether there are differences in what characteristics are associated with good performance in short run and in the long run.
Our results indicate that different fund and provider characteristics matter for longterm and for short-term performance. Moreover, the results are sensitive to whether the performance is measured against T-bills, or against the PPBs. In brief, we find that characteristics associated with outperformance of the PPBs on annual basis have no explanatory power in explain long-term performance against T-bills, and vice versa.
More specifically, we find that, while the extent of provider's specialisation in the fund's investment style is positively associated with the ability to outperform the PPBs on an annual basis, it is the providers with a large market share in the fund's investment style who outperform T-bills. In contrast with the previous research on mutual funds, we do not find evidence that absolute size of providers is associated with good performance. Indeed, we find some weak evidence that cumulative returns of big providers are lower than those of T-bills. This may be a specific characteristic of the personal pension industry, but it may also result from the fact that, unlike the papers studying mutual funds, we measure size by the number of funds and not by the volume of AUM.
Age appears to be a complex factor. While the age of the providers does not seem to matter for performance, the age of funds has significant explanatory power, although the sign of the impact is not clear. Using life-long compounded returns we find that younger funds earn better excess returns and have higher Sharpe ratios than older funds. This effect is weaker for the UK-E and the I-E funds. In contrast, younger funds are not as good as old funds in earning higher returns than their PPBs in nominal terms. However, after adjusting for risk, i.e., in the M 2 terms, this effect disappears, and, consistent with the results for the T-bills, the ALC and the EM-E equity funds have a negative fund age -performance relationship.
The analysis based on annual returns shows the opposite effect, i.e., the fund ageperformance relationship is positive for PPB related measures (no relationship is detected for the excess returns and Sharpe ratios). However, adding interactive terms shows that the result is driven by the EM-E, the I-E and the ALC funds. This finding is consistent with the argument of initial learning which may be more pronounced in a more knowledge and information intensive investment environment.
Finally, the results indicate that there are strong and potentially long-lasting consequences of when funds have been created. For instance, it matters whether funds have been opened during bull or bear markets with the latter ones performing statistically significantly better than the former ones. This seems intuitively obvious given that it is better to buy when assets may be cheap rather than when they may be overpriced, but it is a bit surprising that it has a long-lasting effect. This result may be partly driven by the timing of the sample. Although the sample starts in 1980, a sizable proportion of the sample funds was created in 2006 and 2007 when the markets were doing well. Consequently, these funds might have experienced heavy losses during the financial crisis which drives the results. It also seems that funds lose more money during bear times than they make during bull times.
So how do these results inform real life decisions? Do they offer any valuable insight for ordinary contributors and regulators? From a contributors' perspective it is clear that going for big pension providers does not guarantee good long-term performance. Even if funds offered by bigger providers are better at outperforming their prospectus benchmarks than funds offered by smaller providers, they earn returns lower than T-bills over the period of the funds' operation. Relying on specialisation can also lead to disappointment. Greater specialisation seems to positively covary with the ability to perform better than the PPBs on an annual basis, but this does not translate into the superior performance over the funds' operational life. The analysis seems also to suggest that it may be financially more rewarding to invest in younger rather than older funds, although it might be a good idea to wait a while to let funds investing in emerging markets equity to pass the 'catching up phase'. Finally, it seems that it is a bad idea to invest in funds opened when markets are booming.
From the perspective of regulators it is important to fully acknowledge the role of the PPBs in the process of motivating and monitoring pension fund managers. It also seems important to make switching providers and funds less costly for contributors. If fund performance is age related and it is the young funds that deliver better performance, contributors should be free to leave the fund they have been contributing to if they feel it is losing its 'investment steam'. Such freedom to leave may be a more lasting stimulus for funds' managers to deliver good results than an introduction of any 'easy-to-beat' PPB. This freedom to exit should be accompanied by a full disclosure of long-term returns earned by funds in comparison with returns earned on alternative investments other than the PPBs.
This is a first step towards understanding the relationship between fund/provider and performance characteristics. More research on time patterns of performance across different investment styles, as well as the choice and role of prospectus benchmarks is needed. 
